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MONTANANS ON THE MOVE
A good many Montanans have expressed con 
cern in recent years that increasing numbers of 
people are moving to Montana, endangering our 
treasured heritage of open spaces and easygoing 
lifestyle. Unfortunately, much of this anxiety is 
based on sketchy information from the 
observations of untrained individuals and passed 
from one person to another by word of mouth. In 
the following pages, we take a cold hard look at the 
data and what they have to say about migration 
from and to Montana.
The 1970 Census of Population lists the 1965 
residence of the 1970 population and may be used 
to approximate migration during the 1965-1970 
period. The source does have a serious deficiency 
in that it does not record multiple moves. For 
example, a person is not listed as a migrant if he 
moved from Montana after 1965 but returned 
before 1970; conversely, those who entered and 
left Montana between 1965 and 1970 are also 
excluded.
The 1965-70 migration data are almost five years 
old and may be slightly out of date. They are, 
however, the latest information available. Rough 
estimates of net migration are made for intercensal 
years. But, they are not as accurate and complete as 
the statistics available from the Census of 
Population.
PAUL E. POLZIN
Paul E. Polzin is a Research Associate in 
the Bureau of Business and Economic 
Research, and Associate Professor in 
the Department of 
Management, School 
o f Business Administration, at the 
University o f Montana, Missoula.
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An overview of migration: 
losing more people than we gain
Migration to and from Montana between 1965 and 
1970 is summarized in table 1. These figures show 
that about 72,000 persons over five years of age 
entered Montana and over 103,000 Montanans left 
for other states. Thus, there was net outmigration of 
almost 32,000 persons, representing 5 percent of 
the 1970 population.
Americans are notoriously mobile and 
Montanans are no exception. When the state's in- 
and outmigrants are totaled, about 175,000 
persons—equal to about 25 percent of the 
population—were involved with an interstate 
move during this five-year period. Or, stated 
differently, newcomers to Montana—those 
arriving in the last five years—represented 11 
percent of the population during 1970. These 
proportions would rise significantly if a longer time 
span were considered.
Unfortunately, there are no comparable data for 
cities, counties, or other small areas. The Census 
Bureau does, however, make estimates for multi 
county regions called State Economic Areas (SEA). 
Montana's four SEAs are pictured in figure 1 and 
the migration statistics are presented in table 2. 
Area 1 includes nineteen western and south 
western counties and the cities of Missoula, 
Kalispell, Helena, Butte and Bozeman. Twenty-two 
northcentral and northeastern counties make up 
area 2; it contains the city of Great Falls, but the rest 
of the area is predominately agricultural country. 
Area 3 encompasses only four counties in 
southcentral Montana; among them is Yellowstone 
County, with the city of Billings. Eleven rural 
counties in central and southeast Montana are 
designated as area 4; the largest town is Miles City.
All four economic areas experienced net 
outmigration between 1965 and 1970. It was 
greatest in North Central and Northeast Montana 
(area 2), where the net outflow of 24,876 persons 
equaled 12.0 percent of the 1970 population. On 
the other hand. Western Montana (area 1), with its 
forest industries and state government activities, 
had the least net outmigration; the 1,165 persons 
represented only 0.4 percent of the 1970 
population.
Table 1
M igration to  and from Montana 
1965-1970
Persons Five Years 
O ld and Over
1970 res ident population 637,336
1965“ 1970 m igration
1nmigrants








Percentage o f 1970 population
“ 31,771
5.0
Migration figures for economic areas include 
people who moved from one area to another 
within the state, as well as those moving to or from 
another state. All four areas sustained a net loss of 
people to other states. Once again. North Central 
and Northeast Montana (area 2), reported the 
greatest net outmigration, 17,363 persons or 8.3 
percent of the 1970 population. The lowest figure 
was the 1,484 for rural Southeastern Montana (area 
4). When population loss is related to total number 
of residents, however, the 8,441 net outmigrants to 
other states from Western Montana, (area 1) 
represent the smallest net outmigration rate—2.9 
percent.
There were significant differences between the 
areas of Montana with respect to intrastate 
migration. The predominantly rural areas of North 
Central and Northeastern Montana and 
Southeastern Montana (areas 2 and 4) both 
suffered net outmigration to other regions, while 
Western Montana with its several urban centers, 
including Missoula, Bozeman, Helena, and 
Kalispell, and South Central Montana with Billings 
(areas 1 and 3), experienced a net gain from 
elsewhere in the state. These patterns, of course, 
are a reflection of the movement off the farm and 
into the towns and cities which has been underway
Montana Business Quarterly
Source: U.S. Department o f Commerce, Bureau o f the Census,
U.S. Census o f Population: 1970, Subject Reports,  Migration 
Betueen State Economic Areas, Final Report PC( 2 ) -2E  (Wash 
ington, D.C.: U.S. Government P r in tin g  O ffic e , 1972), tab le
k.  To ta ls derived.
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Figure i: Economic Areas of the State of Montana
o. w o o o l i y  i - i t n
for many years. It also is interesting to note that 
Western Montana's low net outmigration rate 
would have been much greater if it weren't for the 
large number of persons moving into the area from 
other parts of Montana.
Looking at inmigration, we see that the 
proportion of newcomers varied from 15.3 to 20.0 
percent of the 1970 population in the four Montana 
SEAs. These figures point out the danger of relying 
only on net migration as an indicator of new 
residents. North Central and Northeastern 
Montana (area 2), which had the greatest net 
outmigration, also had the lowest proportion of 
newcomers, 15.3 percent. However, Western 
Montana (area 1), with the least net outmigration, 
reported 17.0 percent newcomers—less than 2 
percentage points greater than area 2.
The variation between SEAs in the proportion of 
newcomers appears to be due to differences in 
migration from other regions of Montana. The 
proportion of the 1970 population arriving from 
other states is remarkably stable; three of the four 
areas report figures between 11 and 12 percent. On 
the other hand, newcomers from elsewhere in
Montana represented 8.7 and 8.5 percent, 
respectively, of the population in areas 3 and 4 but 
only 4.0 and 5.4 percent in areas 2 and 1, 
respectively.
Total outmigration as a percent of the 1970 
population varied from 17.4 percent in Western 
Montana to 27.3 percent in North Central and 
Northeastern Montana. Once again, there were 
significant differences between the areas in both 
intra- and interstate departures. Rural South 
eastern Montana (area 4) saw 12.9 percent of its 
population in 1970, the lowest figure reported, 
leave for other states. On the other hand, the 
highest rate was the 19.6 percent for North Central 
and Northeastern Montana (area 2). With respect 
to migration within Montana, area 4 lost the 
greatest proportion, 13.3 percent, while only 2.9 
percent left area 1 (Western Montana) for other 
regions of the state.
What do all these numbers mean? They show that 
net outmigration is not unique to certain sections 
of Montana; all four SEAs had an excess of people 
leaving over those moving in. The differences 
between areas appear to be caused more by people
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distribution of the total population, however, the 
data still indicate that young persons are far more 
likely to migrate.
A quick glance at the categories in table 3 shows 
that the outmigrants exceeded the inmigrants in 
most of the age groups, but that it was most severe 
among the young. For example, in North Central 
and Northeastern Montana (area 2) there was net 
outmigration of over 12,000 persons between the 
ages of 15 and 34. For the state as a whole, over 
17,000 of the 31,771 net migrants were in these age 
groups. (Total net migration for Montana is the sum 
of the net migrants for the SEAs. But, due to double 
counting, the same is not true for gross in- and 
outmigration.) Considering the fact that the 
younger age groups contain some of the best 
educated and most productive persons, their 
departure surely represents a significant loss to 
Montana. We would be surprised and dis 
appointed if a good many young Montanans were 
not adventuresome enough to want to see 
something of the world outside our state's borders; 
the real problem is that Montana apparently is 
unable to attract young people from other areas in 
large enough numbers to offset the loss of our own 
youth.
We often hear that many retired persons have 
moved into Montana, especially to the western 
portion of the state. The data in table 3, while they 
do not directly contradict this claim, certainly put 
it in perspective. First of all, migrants over 65 were a 
very small proportion of the total; they represented 
less than 5 percent of inmigrants for the four SEAs. 
Secondly, Western Montana, supposedly the 
destination of many retirees, did not experience 
proportionately more newcomers in this age 
group. The inmigration rate for those over 65 years 
of age—the number of inmigrants divided by 1970 
population—ranged from 0.59to 0.80 percent, with 
the rate for South Central Montana (area 3) being 
the largest. Finally, all four SEAs experienced net 
outmigration in the oldest age class. These findings 
do not rule out retirement communities in several 
small areas; but they certainly suggest that 
Montana generally does not appeal to large 
numbers of older persons and, even if some do 
move here to retire, they do not represent a 
significant source of newcomers.
Migrants:
where they come from, where they go
This section presents a more detailed examination 
of the sources and destinations of migrants. As 
mentioned earlier, the data report only the number 
of movers but not the reasons why they moved. 
There are, however, two principles which help to 
provide a rough explanation. The first concept 
states that, everything else being equal, the flow of 
migrants is positively related to population. In 
other words, one would expect more migration 
between Montana and California, with its 20 
million residents, than between Montana and 
Nevada, with a population of about one-half 
m illion. The second princip le states that, 
everything else being equal, the number of 
migrants between two locations is inversely related 
to the distance between them. For example, one 
would expect more migration between Montana 
and North Dakota than between Montana and a 
more distant state such as New Hampshire, which 
has about the same population.
Montanans moving about the state 
Before analyzing the interstate flows, the migration 
among Montana's four SEAs is examined. The data 
in table 4 show that Western Montana experienced 
net inmigration from all the other areas in the state. 
The greatest exchange of persons was with North 
Central and Northeastern Montana; that area 
accounted for 10,755 of the 15,987 total inmigrants 
and 4,919 of the 8,711 total outmigrants. There were 
3,559 and 1,673 inmigrants from areas 3 and 4,
Montana Business Quarterly
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Table 4
Migration among Montana's State Economic Areas 
1965-1970
Area 1 Area 2 Area 3 Area 4 Total
Area I (western Montana)
Inm igrants — 10,755 3,559 1,673 15,987
Outmigrants — *»,919 2,971 821 8,711
Net m igrants jj 5,836 588 852 7.276
Area 2 (no rth  c e n tra l and
northeaste rn  Montana)
inm igrants 4,919 - 2,209 1,146 8,274
Outmigrants 10,755 — 4,163 969 15,887
Net m igrants -5.836 — -1,954 177 -7,613
Area 3 (south c e n tra l Montana)
Inm igrants 2,971 4,163 — 1,627 8,761
Outmigrants 3.559 2,209 - 1,043 6,811
Net m igrants -988 1,954 — 584 1,950
Area 4 ( ru ra l southeastern Montana)
Inm igrants 821 969 1,043 — 2,883
Outmigrants 1.673 1,146 1,627 - 4,446
Net m igrants -852 -177 -584 —
-1,613
Source: U.S. Department o f  Commerce, Bureau o f  th e  Census, U.S. Census o f  Population: 1970t Subject Reports,
Migration Between State Economic Areas,  F in a l R eport PC(2 ) -2E (W ashington, D .C .: U.S. Government P r in t in g
O f f ic e ,  1972), ta b le  4 . T o ta ls  d e r iv e d .
N ote : The da ta  p e r ta in  to  persons f iv e  yea rs  o f  age and ove r in  1970.
respectively, and the corresponding outmigrants 
numbered 2,971 and 821. Thus, in terms of gross 
flows. North Central and Northeastern Montana 
was the largest source and destination of intrastate 
migration for SEA 1. But, if the respective 
populations are taken into account, the differences 
in migration are greatly reduced; as reported in 
table 2, the population of area 2 was about double 
that of area 3 and over six times greater than area 4.
North Central and North Eastern Montana (area 
2) experienced net outmigration of 7,613 persons to 
other regions in Montana. As previously noted, the 
greatest exchange was with Western Montana
resulting in a net loss of 5,836. Area 2 also sustained 
net outmigration to area 3 (South Central 
Montana); no doubt part of this may be due to 
people moving from the Highline and the rural 
northeastern counties to the Billings area. Finally, 
inmigration exceeded outmigration by 177 persons 
for area 4; this also may represent rural-urban 
moves as persons left that sparsely populated 
region for the Great Falls area.
Inmigrants from other regions in Montana 
exceeded outmigrants by 1,950 persons for South 
Central Montana, which includes, of course, the 
city of Billings. The migration patterns, however.
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Table 5
Migration between Montana and the Geographic Areas of the United States 
1965-1970
Montana
Geographic Area Inmigrants Outmigrants Net Migrants
P a c i f i c 9 22,180 43,899 -2 1 ,7 1 9
b
Mountain 15,885 21,979 -6 ,0 9 4
West N orth  C en tra l 15.A51 14,193 1,258
East N o r th  C en tra l 6,1(57 6 ,627 -170
South 8,041 12,605 -4 ,5 6 4
N o rth e a s t 3,814 4 ,296 -482
T o ta l  i n t e r s t a t e  m ig ra n ts 71,828 103,599 -31,771
Source: U.S. Department o f  Commerce, Bureau o f  th e  Census, U.S. Census o f  Pop 
u la t io n :  1970, S u b je c t R e p o rts , M ig ra t io n  Between S ta te  Econom ic A re a s ,  F in a l  
Report PC(2)-2E (W ash ington, D .C .:  U.S. Government P r i n t i n g  O f f i c e ,  1972),
t a b le  4. D e r ived .
N otes: The da ta  p e r t a in  t o  persons f i v e  ye a rs  o f  age and o v e r  in  1970. The
g eog raph ic  areas a re  based on the  Bureau o f  th e  Census re g io n s  and ge o g ra p h ic  
d i v i s i o n s  o f  th e  U n ite d  S ta te s .
a
Inc ludes  A laska  and H aw a i i .
b
Montana i n t r a s t a t e  m ig ra n ts  a re  e xc lu d ed .
were somewhat mixed; the greatest number of 
inmigrants, 4,163 out of a total of 8,761, were from 
North Central-Northwestern Montana (area 2), 
while most outmigrants, 3,559 out of 6,811, left for 
Western Montana. In terms of net migration, area 3 
gained 1,954 and 584 persons from areas 2 and 4, 
respectively, while losing 588 to area 1 (Western 
Montana).
The rural and sparsely populated counties in 
South Central and Southeastern Montana (area 4) 
suffered net outmigration of 1,613 persons 
between 1965 and 1970. There was a net loss to each 
of the other three Montana SEAs. The largest share 
of inmigrants, 1,043 out of 2,833, were from nearby
area 3. On the other hand, the destination of 
persons leaving was almost equally divided 
between area 1 and area 3, with 1,673 and 1,627 
outmigrants, respectively.
Movements between Montana and other states 
Next, we turn to migration to and from Montana. 
The geographic divisions and census regions used 
by the U.S. government provide convenient 
multistate aggregates for the analysis of interstate 
migration; the precise definitions of these areas are 
shown in figure 2.
Table 5 presents the in- and outmigration 
between Montana and these multistate aggregates.
Montana Business Quarterly
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The greatest flow of persons was between Montana 
and the Pacific Division. The current, however, was 
definitely away from Montana; the 43,899 
outmigrants exceeded the 22,180 inmigrants by 
almost two to one. The importance of the Pacific 
states as a source and destination for Montana 
migration is easily explained in terms of the two 
principles discussed earlier. This division is located 
relatively near Montana (especially since most of 
our population is in the western third of the state) 
and provides a very large population base to supply 
inmigrants or absorb outmigrants.
The second largest exchange was w ith 
neighboring states in the Mountain Division. Once 
again, the 21,979 persons leaving outnumbered the 
15,885 inmigrants. Many of these states are also 
situated near Montana, but their populations are 
generally smaller than the Pacific states and one 
would expect proportionately less migration.
Migration between Montana and the North 
Central Region almost balanced. There was an 
excess of inmigrants from the West North Central 
and very small net outmigration to the East North 
Central states. Because of their proximity to 
Montana, the exchange of persons was much 
greater for the West North Central than for the East 
North Central states.
There was net outmigration from Montana to 
both the South and the Northeast census regions. 
The flow of migrants and the net loss of persons was 
far greater to the former than the latter. We do not 
have a precise explanation for this disparity; both 
areas are far from Montana and their respective 
populations are of roughly similar magnitudes.
In summary, Montana's net outmigration 
between 1965 and 1970 was not due to the appeal of 
one particular area; it suffered a net loss of persons 
to all areas of the United States except its
Figure 2: Geographic Divisions and Census Regions of the United States
O. WOODLEY l / i m
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Table 8





Dakota Wyoming Idaho Washington Oregon California
Area 1 (western Montana)
Inm igrants 1,8ft7 1,019 1,2*9 2,618 ft, 708 1,901 5,985
Outmigrants 713 ft03 66ft 3,981 11,783 2,766 5,867
Net m igrants 1,13ft 616 585 -1,363 -7,075 -865 118
Area 2 (north  ce n tra l and
northeastern Montana)
Inm igrants 2,30ft 512 781 712 1,929 65ft 2,957
Outmi grants 1,955 6ft9 817 1,320 6,213 2,025 6,197
Net m igrants 3ft9 -137 -36 -6 0 8 - f t ,28ft -1,371 -3,2ftO
Area 3 (south ce n tra l Montana)
Inm igrants 1,205 550 1,538 ftoft 961 230 1,367
Outmi grants 579 251
LAfA ft35 2,580 861 1,926
Net m igrants 626 299 163 -31 -1,619 -631 -559
Area ft ( ru ra l southeastern Montana)
Inm igrants 397 2 ft8 ft32 68 168 155 317
Outmi grants 168 203 573 237 759 102 ft79
Net m igrants 229 ft5 - I f t l -169 -591 53 -162
Source: U .S . Departm ent o f  Commerce, Bureau o f  th e  Census, U.S. Census o f  P op u la tio n : 1970, S ub ject Reports,  M i 
g ra tio n  Between S ta te  Economic Areas, F in a l R eport P C (2 )-2 E  (W ashington, D .C .:  U .S . Government P r in t in g  O f f ic e ,
1 9 7 2 ), ta b le  ft.
N o tes : The d a ta  p e r ta in  to  persons f iv e  yea rs  o f  age and o v e r in  1970.
another within Montana. In terms of the State 
Economic Areas, between 25 and 40 percent of the 
newcomers were from elsewhere in the state.
Californians are fleeing to Montana. Once again, 
this statement does not consider the counterflow 
of Montanans to California. In fact, for every 100 
Californians moving to Montana about 135 
Montanans go to California. Only Western 
Montana did not experience a significant net loss of 
persons to California.
It is true, however, that California is the largest 
single source of inmigrants to Montana. But, this is 
probably also true for most western states. There
are more than 20 million Californians and they 
constitute a huge potential source of migrants. 
When their respective populations are considered, 
Montana has many more inmigrants from nearby 
states such as North Dakota and Idaho.
Montana is a haven for refugees from the cities. It 
is often asserted that Montana's rural setting and 
way of life attract many persons disillusioned with 
the frantic pace of city life. The 1970 Census of 
Population lists migration between Montana and 
Urban State Economic Areas, which include the 
larger Standard Metropolitan Statistical Areas 
(SMSAs) with I960 central city population of 50,000
Montana Business Quarterly
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Table 9
Migration between Montana and Selected Urban Areas 
1965-1970
Montana
Inmigrants Outmigrants Net Migrants
A l l  i n te r s ta te  migrants 71,828 103,599 -31,771
a
Urban s ta te  economic areas







Nonurban s ta te  economic areas








Los Angeles 3,161 3,972 -811
S ea tt le 1,962 6,554 -4,592
Mi nneapoli  s 1,333 1,954 -621
Source: U.S. Department o f  Commerce, Bureau o f  the Census, U.S. Census o f  P o p u la tio n : 1970,
S ub jec t R eports, M ig ra t io n  Between S ta te  Economic Areas,  F inal Report PC(2)-2E (Washington, D.C.: 
U.S. Government P r in t in g  O f f i c e ,  1972), ta b le  4. Derived.
Note: The data p e r ta in  to  persons f i v e  years o f  age and over in 1970.
Those la rge Standard M e tropo l i tan  S t a t i s t i c a l  Areas (SMSAs) w i th  a cen tra l  c i t y  popu la t ion  o f  
50,000 o r  more and a t o ta l  popu la t ion  o f  100,000 o r  more in I960. These areas are m u lt icoun ty  
aggregates and inc lude the suburbs o f  la rge  c i t i e s .
or more and a total population of 100,000 or more. 
These areas are multicounty aggregates and 
include the suburbs of large cities.
The figures in table 9 suggest that the image of 
city dwellers escaping to Montana just isn't true. In 
fact, a correct picture would show many more 
Montanans moving to urban areas. Between 1965 
and 1970, approximately 32,000 persons migrated to 
Montana from Urban Economic Areas. During the 
same period, 58,000 Montanans left for these cities. 
It is interesting to note that outmigration exceeded 
inmigration for nonurban areas, but by only 5,938 
persons. Thus, over 80 percent of Montana's total 
net outmigration of 31,771 persons was caused by 
the drain to cities.
About 45 percent of the inmigrants to Montana 
were from urban areas. Yet, these same urban areas 
contained about 63 percent of the nation's 
population in 1970. One would not expect 
inmigration to be exactly proportional to 
population—distance becomes an inhibiting factor 
for many of the large cities, especially those in the 
East—but this does provide some evidence that 
Montana may receive less than its share of migrants 
from urban areas.
Migration for several specific urban areas is 
shown in the lower portion of table 9. Even Los 
Angeles, which is often characterized as the 
epitome of everything bad in city life, had a net gain 
of Montanans. n
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PUTTING STATE MONEY TO WORK
The Board of Investments has 
increased income to the state
MAXINE C. JOHNSON
Maxine C. Johnson is Director o f the 
Bureau of Business and Economic 
Research, University o f Montana, 
and a member of the Board of 
Investments since its establishment.
Picture a large enterprise, subject to wide seasonal 
fluctuations in income and periods of heavy cash 
surplus; add a responsibility for over $200 million in 
retirement and trust funds. Various employees, 
scattered among different departments of the 
organization and frequently unskilled in 
investments, handle portions of these huge sums of 
money—very often with no provision for pro 
fessional advice and no evaluation of return on 
investment. Month-end balances in demand bank 
deposits (earning no interest) average $27 million 
over the course of a year.1
Not a very satisfactory system, but that is how 
Montana state government managed its money 
prior to 1971 and the Executive Reorganization Act. 
Section 82A-204 of that Act created a Board of 
Investments. It decreed that the “ board of 
investments has the sole authority to exercise the 
investment functions transferred to it under 
section 82A-205 of this chapter. No other agency 
may invest state funds. All laws governing the 
exercise of the investment functions remain in 
effect, and the board shall direct the investment of 
state funds in accordance with those laws and the 
constitution of this state.”
'O ffice of the Legislative Auditor, State of Montana, Office of 
the State Treasurer, Report on Examination, Calendar Year 
Ended December 31, 7969 (Helena, 1970), p. 31. The year 
referred to is fiscal 1969.
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Ultraconservative restrictions as to type of 
investments perm itted also had hindered 
investment efforts prior to the Investment Board's 
creation. Since that time, the new State 
Constitution and amended investment laws have 
gradually permitted greater discretion in investing 
and in the purchase of higher yielding securities. 
Whereas state investment formerly was pretty well 
limited to government securities or government- 
insured securities and mortgages, the new 
Investment Board has the option of corporate 
bonds, bankers' acceptances, commercial paper, 
and, to a limited extent, preferred and common 
stock, in building balanced portfolios for various 
state funds.
The Board is designated as a quasi-judicial board; 
that is, it administers the investment program and 
sets policy. Most state boards nowadays serve in a 
purely advisory capacity.
$34.3 million in income 
Few Montanans were aware of the establishment of 
the Board of Investments when the Reorganization 
Act was passed, and over the past four years 
relatively few have been aware of its activities. Yet 
during those years, the management of state 
money has been transformed. A professional 
investment staff has been hired; state investments 
have been centralized; a system of control over the 
investment process is in effect; a yearly audit is 
performed; and the state's idle cash has been 
invested. Income to the state treasury, to the 
various retirement funds, and to the trust and 
legacy and common school funds has increased 
dramatically. This is good news for Montana 
taxpayers; money earned on investments and 
available for governmental purposes is money 
which does not have to be raised through taxes. In 
fiscal 1975, the Board of Investments was 
responsible for approximately $34.3 million in 
income to the state; $11.0 million went into the 
General Fund of the State Treasury. These figures 
represented a net return of about 7.00 percent on 
total investments and 7.60 on Treasury funds.2
2Board of Investments, Department o f Administration, State of 
Montana, Helena. These figures are estimates as of April 30, 
1975.
TOTAL INVESTMENT INCOME
Changes in income and rate of return for total 
investments and for some of the major funds, 
including the Treasurer's fund, are shown in the 
accompanying charts. Because of the over 
whelming importance of short-term investments in 
the Treasurer's fund and in total investments, the 
rate of return followed the pattern of short-term 
interest rates and declined in fiscal 1975.
TREASURER’S FUND
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PUBLIC EMPLOYEES’ RETIREMENT FUND
INVE STM EN T INCOME RATE OF R E TU R N
Better management and
more money to invest
Much of the increase in investment income should
be credited to improved management, but there
were other factors as well. The return increased
not only because of better investment practices,
but because of the changes in the investment laws
TEACHERS’ RETIREMENT FUND
IN V E S T M E N T  INCOME , RA TE OF RETURN
TRUST AND LEGACY FUND
INVESTM EN T INCOME RATE OF RETURN
which permitted the Board to invest in higher- 
yielding securities and because interest rates rose 
rapidly during part of the period. And, there was 
more state money to invest; total investments at 
cost grew from $270 million on June 30, 1971, to 
almost $468 million on June 30,1974. Mostly, this 
was because the various funds had grown in size, 
but it also was due to a conscious effort on the part 
of the Board to keep all available money invested.
It should be noted that the quality of 
management of the various funds had differed 
greatly prior to 1971. The major retirement 
funds—Teachers and Public Employees—show 
less change in return than some others because 
they were better managed when the Board took 
over.
The $468 million invested as of June 30, 1974, 
consisted of some fifty separate funds plus a short 
term investment pool. The funds ranged from the 
Treasurer's fund (surplus treasury cash) at $132.9 
million and the large retirement funds—Public 
Employees ($104 million) and Teachers ($95 
million)—to the Cosmetology Board fund of 
$5,000.
Investing with prudence and discretion 
Any board or staff personnel investing large 
amounts of public funds would be expected to
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Table 1 Table 2
Investments by Fund 
Board of Investments, State of Montana 
June 30, 1974
Investments by Type
Board of Investments, State of Montana 
June 30, 1974
T o ta l $467,528,337
Source: Montana Board o f  Investm ents, S ta te
o f  Montana, 1973-1974 F is c a l Year Report 
(Helena, 1975), p. 2.
Type of Investment Amount
Corporate bonds
U.S. government s e c u rit ie s
Bankers' acceptances
Montana mortgages
Montana c e r t if ic a te s  o f deposit














Source: Montana Board o f  Investm ents, S ta te  o f
Montana, 1973-1974 F isca l Year Report (Helena, 1975), 
pp. 2 and 60.
^Payable in  U.S. d o l la rs .
2 ,Inc ludes $1.3 m i l l io n  o f  Employment S e c u rity  Com 
m iss ion  b u ild in g  revenue bonds.
exercise great discretion. Montana law attempts to 
reinforce that expectation in several ways.
First, the board is bound by the prudent man 
rule, which states that it shall exercise “ that degree 
of j'udgment and care, under circumstances from 
time to time prevailing, which men of prudence, 
discretion, and intelligence exercise in the 
management of their own affairs, not for 
speculation but for investment, considering the 
probable safety of their capital as well as the 
probable income to be derived/1 (Section 79-308, 
R.C.M. 1947.)
Second, Montana law provides limitations on 
how various funds may be invested. Treasury 
money, for instance, may be invested in federal 
government obligations, certificates of deposit in 
Montana banks, repurchase agreements,3
Repurchase agreements are sales of short-term federal 
securities by dealers to investors, with the dealer agreeing to 
repurchase the securities at a specified future time. Because the 
instrument involved is a U.S. Government security, there is no 
default risk. Rates are related to  rates on federal funds.
bankers' acceptances,4 and commercial paper.5 
Banks holding state deposits must pledge certain 
securities with market value equal to the amount 
of uninsured deposits as collateral; both bankers' 
acceptances and commercial paper must meet 
certain quality standards described in the statutes. 
No more than 10 percent of the book value of any 
fund may be invested in commercial paper. 
Retirement funds, which are invested long term, 
may be used to purchase U.S. Treasury securities 
and federal agency issues, Montana CDs, Montana 
mortgages, corporate bonds, or (since July 1,1973) 
common stock. The enabling legislation provides 
rather stringent conditions as to the quality of
Rankers’ acceptances are drafts accepted by banks, used in the 
financing of trade. Acceptances generally have maturities of 
less than 180 days and are of very high quality. Rates tend to be 
slightly higher than rates on Treasury bills o f like maturity. 
Commercial paper consists of short-term unsecured 
promissory notes issued by finance companies and certain 
industrial firms. Rates are somewhat higher than on Treasury 




T re a s u re r 's  Fund $132,868,584
P u b lic  Employees' R etirem ent
System Fund 103,473,846
Teachers' R etirem ent System
Fund 73,042,411
T ru s t and Legacy Fund 64,263,773
Workmen's Compensation Fund 26,333»553
Long Range B u ild in g  Fund 8,674,714
S ocia l S e c u r ity  Fund 7,057*334
Common School In te re s t  and
Income Fund 5*096,791
A l l  o th e r  funds 46,717*331
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stock purchased; corporate obligations must meet 
high rating requirements; and mortgage 
purchases also must conform to a number of 
conditions prescribed by state law. Not more than 
20 percent of a retirement fund may be invested in 
common stock and not more than 50 percent of 
the total book value of a retirement fund may be 
invested in Montana mortgages.
Thus, the board not only is legally bound to carry 
out its activities prudently and judiciously, but it 
must be certain that investments meet 
requirements specified by Montana law.
Two major goals: earning a high return 
and helping the state economy 
Within the framework of legal requirements and 
prudent investment practices described above, 
there are, of course, general policy decisions to be 
made. These policies are established by the Board 
and carried out by the staff, headed by the 
investment officer. In this connection, the Board 
has had two primary policy goals: one, earning the 
highest possible return; and, two, conducting its 
business in a manner beneficial to the Montana 
economy by making funds available for use in the 
state.
Putting all the money to work. One of the first 
actions by the Board served both these goals very 
well. This was the withdrawal of almost $20 million 
in Treasury funds from demand accounts in 
Montana banks and the establishment of a policy 
of making funds available through the sale of 
negotiable-rate certificates of deposit.
Negotiable-rate CDs, of course, are those over 
$100,000. As of June 30,1974, total Treasury cash in 
demand deposits was just over $2 million, most of 
it in the Helena clearing bank, compared to the $20 
million three years earlier. (The daily average 
percentage of Treasury surplus cash invested has 
been 97 percent since February 1974.) Total state 
funds (including Treasury funds) in interest 
drawing certificates of deposit, on the other hand, 
grew from $17 million on June 30,1971, to $37.9 
million on June 30, 1974. Thus the amount of 
money in Montana banks was about the same in 
1974 as in 1971; the difference was that in 1974 it 
was earning interest.
It is significant that at the same time that state 
income was being increased through the shift 
from demand deposits to CDs, state money was 
being redistributed to the communities which 
needed it. Banks in communities where there is a 
strong demand for loanable funds have proved to 
be aggressive bidders for state money. The market 
has been permitted to allocate the distribution of 
state funds among banks on the basis of need, 
rather than historical accident, political influence, 
or whatever may have been the reasons in the past. 
Interestingly, although some observers feared that 
banks in small communities might lose out, 
bankers in some small towns regularly bid for and 
purchase CDs.
In 1974, the legislature provided that state funds 
could be deposited in savings and loan 
associations. Several of these institutions have 
qualified as state depositories. State money 
deposited in these associations will, of course, 
become available for home loans in Montana.
Swapping bonds for higher income. One of the 
ways income on investments has been increased is 
through bond swapping. The Board inherited 
large amounts of low yielding bonds. As of March 
31, 1975, it had swapped approximately $69.1 
million worth for higher yielding issues. Often this 
has involved selling Treasury bonds and 
purchasing corporate bonds, which were 
designated as a legal investment by the 1973 
legislature for the Trust and Legacy Fund.
Total income to the state is estimated to have 
been increased by approximately $1.1 million per 
year as a result of the bond swapping program.
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Investing in Montana mortgages. Before the 
Board's establishment, individual retirement 
funds had been invested in Montana mortgages, 
and the Board continued this policy. Residential 
and commercial mortgages are purchased from 
financial institutions; the selling institutions 
service the loans. As of June 30, 1974, the Board 
held approx im ate ly  $43.5 m illio n  in 
mortgages—about 10 percent less than when the 
Board took over, but still a substantial amount.
The Board has actively solicited mortgage 
offerings from Montana financial institutions; 
however, yields to the retirement funds must be at 
current mortgage market rates and should be 
comparable to the return available on other legal 
investments.
Investing in the stock market. Both the 
legislature, which in 1973 approved investment in 
preferred and common stocks for the retirement 
funds, and the Investment Board viewed the new 
policy with some trepidation. Although the law 
says that up to 20 percent of a retirement fund may 
be invested in equities, and even though market 
prices have been historically low during much of 
the time since stock purchasing was authorized, 
the Board has been very cautious in its stock 
buying. In addition to limited purchasing, it has 
only invested funds of the two large retirement 
funds—Teachers and Public Employees—in 
stocks. As of March 31, 1975, approximately Th 
percent of the total investable funds of these two 
groups was in common stock. No purchases of 
preferred stock have been made. Investments for 
the smaller retirement funds all are in fixed 
income securities.
The rationale for investment in common stocks, 
of course, is that over the long run some portion of 
a fund should be invested in equities as a hedge 
against inflation. This theory has not worked out 
well recently, but most experts agree that it is both 
reasonable and prudent to expect significant 
appreciation in common stock values over the 
next few decades.
The law prescribes certain standards which any 
stocks purchased must meet: the stock must have 
paid cash dividends for at least five years 
preceding purchase; the aggregate earnings of the 
corporation must have at least equalled the total
cash dividends paid; and the stock of any one 
corporation may not exceed one percent of the 
book value of a retirement fund. The Board has 
established an approved list of stocks which meet 
these standards and from which purchases are 
made. All of this has been done in cooperation 
with an investment counselling firm which the 
Board retains on a consulting basis.
Sending money out of state. Despite the 
concern of the Board in making money available in 
Montana, one overriding consideration dictates 
that the bulk of investments be made out of state: 
the fact that most of the'Board's volume consists of 
short-term investments. Treasury money destined 
to pay the state's bills often must be invested for 
short periods of time, perhaps for only a day or a 
week. Individual funds must be managed in the 
light of each fund's cash flow and its special 
requirements. School money distributions to local 
districts from the Common School Interest and 
Income Fund, for instance, are made in January, 
February, March, June, and September and 
involve large sums of cash. For these reasons, the 
Board's activities require substantial use of short 
term investment instruments, and such 
instruments simply are not available in the state. It 
is worth noting, however, that money invested out 
of state today may be returned tomorrow, plus 
interest.
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The short-term investment pool: 
an opportunity for local governments
In 1973, the legislature approved legislation 
directing the establishment of a short-term 
investm ent poo l (STIP). Local gove rn  
ments—cities, counties, school districts—may 
participate in the pool together with state 
agencies. The purpose is to provide an investment 
vehicle for small sums of money for short periods 
of time and at the same time provide liquidity to 
the participant.
At the end of April 1975, the pool had grown to 
$123 million, with fifty participants. Members of 
the pool included twenty-two state accounts, five 
university units, and twenty-three local 
government units—counties, cities, school 
districts and firemen's and policemen's retirement 
funds. The retirement funds are required by state 
law to participate; they account for twelve of the 
twenty-three local government members.
Obviously, the response from local governments 
has not been overwhelming. Many local officials 
may not be aware of the pool and its advantages; 
some are concerned about their relationships with 
local financial institutions. The chances are, 
however, that local governments are losing 
significant amounts of income through their failure
to invest excess funds, in large or small amounts, for 
brief periods of time. Amounts of $1,000 or more 
may be placed in STIP for investment for a day, a 
week, or whatever time period is desired. Funds are 
available from STIP on demand; thus, participants 
maintain liquidity.
Agencies participating in the short-term 
investment pool were the beneficiaries of high 
short-term interest rates in 1974. During the twelve 
months between June 1,1974, and May 31,1975, the 
return amounted to 9.24 percent on the average 
daily invested balance—the highest of any fund 
under the management of the Board.
But what about the cost?
In terms of the amount of money handled—total 
transactions amounted to over $3.0 billion in fiscal 
1975—the cost of operating the Board is minimal: 
its 1975 budget amounted to less than $177,000. This 
figure includes staff salaries, consultants' fees, and 
all other operating expenses. It does not, of course, 
include commissions on security transactions.
Evaluating the performance 
When it began operation in the summer of 1971, 
the Investment Board had no way to go but up. 
Improved money management plus broader 
investment authority—making it possible to invest 
in higher-yielding securities—pretty well ensured a 
substantial increase in investment income. During 
most of 1973 and much of 1974 rising interest rates 
helped push income up.
Granted that such an increase was almost certain, 
have the Board's operatipns been as successful in 
terms of rate of return as might reasonably be 
expected? That question is difficult to answer; an 
evaluation of performance in the light of state 
statutes and goals, conducted by an outside 
investment expert, might be the best approach. 
There are no plans for such an evaluation. 
Comparing Montana's program to investment 
activities in other states is suspect because 
investment agencies in different states operate 
under different laws and different conditions.
One indication of performance pertains to the 
common stock portfolio of the Teachers' and 
Public Employees' Retirement funds. During 
calendar year 1974, the Montana portfolio ranked
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in the first quartile (top 25 percent) among 350 
retirement funds in both dollar-weighted and 
time-weighted rates of return. Given the 
performance of the stock market during 1974, this 
meant that the Montana portfolio had a smaller loss 
than most other retirement funds. Between 
December 31,1974, and May 31,1975, however, the 
market value of common stocks held by Montana 
retirement funds increased to a point where it was 
significantly greater than cost.
The future
Much of the increased income to be garnered from 
better management and from shifts into higher- 
yielding securities has now been captured. There is 
room for further improvement, but future gains 
probably will be much smaller. The amount of 
surplus cash available for investment is not likely to 
increase as rapidly in coming years.
This means that from now on, changes in 
investment income will be tied more closely to 
developments in the money markets. There will be 
fluctuations, particularly in the rate of return to the 
Treasury fund, with its predominately short-term 
investments. Nevertheless, Montanans should feel 
satisfaction in knowing that, at last, public funds are 
being managed professionally. D
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MONTANA COUNTY
SUSAN SEUG WALLWORK POPULATION
ESTIMATES 
1973 AND 1974
Estimates of population change 
since the 1970census
In 1969, the University of Montana Bureau of 
Business and Economic Research began 
developing intercensal population estimates for 
Montana's fifty-six counties. During this period, 
the U.S. Bureau of the Census was establishing its 
Federal-State Cooperative Program for Local 
Population Estimates, a cooperative program 
between the Census Bureau and the individual 
states for the development and regular publication 
of county population estimates for the years 
between the decennial censuses. The Bureau of 
Business and Economic Research was designated 
by the Governor as the participating agency for 
Montana.
Susan Selig Wallwork is a Research 
Assistant in the Bureau of Business and 
Economic Research and is Project 
Director of the Bureau's work in the 
Federal-State Cooperative Program 
for Local Population Estimates.
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The 1973 and provisional 1974 estimates, 
presented in the accompanying table, are the third 
in the series of official estimates released through 
the program. The earlier estimates from the 
program were presented in the Summer 1973 and 
Spring 1974 issues of the Montana Business 
Quarterly.
An additional estimating procedure has been 
introduced with this latest set of estimates. The final 
July 1, 1973, estimate for each county, then, is an 
average of the figures derived using the following 
three methods:
1. Regression Method (ratio correlation). In this 
method a multiple regression equation is used 
to relate changes in several different data series 
to change in the population distribution. Using 
this technique, the change in the proportion of 
the state's population in a particular county is 
related to the change in that county's 
proportion of the state total for each of several 
data series, such as births, deaths, and the like. 
The functional relationship thus established 
between population and each of the various 
indicators is expressed as an equation in which 
the current data in each series are then used to 
estimate the proportion of the current total state 
population held by that county; the same 
procedure is followed for each of the fifty-six 
counties. The data series used in the Regression 
Method for Montana are births, deaths, 
elementary school enrollment, and the number 
of automobiles assessed. The prediction 
equation for the 1970s is based on the 
relationship established between population 
and these data indicators during the previous 
decade.
2. Census Bureau’s Component Method II. With 
this procedure, the various components of 
population change are estimated separately and 
then are combined with the base year data to 
generate the estimates of the population in the 
estimate year. The two main components of 
population change are natural increase and net 
migration: this method uses vital statistics 
(births and deaths) to measure the natural 
increase and elementary school enrollment to 
estimate net migration between the base year
and the estimate year. The resulting estimates 
are specific to the civilian population under 
sixty-five years of age. Medicare statistics are 
used as a basis for estimating the resident 
population sixty-five years of age and over. To 
these estimates of the civilian resident 
population are added estimates of the resident 
military population, based on military station 
strength, to derive an estimate of total resident 
population.
3. Administrative Records Method. This newly 
developed method uses administrative records 
(in this case. Federal individual income tax 
returns) to estimate civilian intercounty 
migration; in addition, as in the component 
method discussed above, vital statistics (births, 
deaths) are used to measure natural increase. In 
estimating intercounty migration, tax returns are 
matched for successive periods to determine the 
number of persons whose county of residence 
changed between the base year and the estimate 
year. A net migration rate based on the number 
of taxpayers changing residence is derived, and 
this rate is then assumed to apply to the total 
population. By excluding data relating to 
persons sixty-five years of age and over from the 
migration computations, the resulting
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Estimates of the Population of Montana Counties 
July 1, 1973 and July 1, 1974
Resi 
















sional) 1973 (census) Number P e r c e n t Births Deaths Number P e r c e n t
MONTANA 735,000 730,000 694,409 41,000 S 8 50,000 29,000 19.000 2.8
Beaverhead 8,300 8,200 8,187 100 1*6 500 400 (?) 0.4
Big Horn 10,500 10,300 10,057 400 4* 4 1,000 400 -100 -0.9
Blaine 6,800 6,900 6,727 (Z) 0 . 7 500 300 -200 -2- S
Broadwater 2,700 2,700 2,526 200 6.6 200 100 100 3.6
Carbon 7,900 7,600 7,080 800 u.G 400 500 900 12.7
Carter I ,900 1.900 1.956 -100 - 4 . 9 100 100 -100 -6.0  >-■:
Cascade 84,300 84,800 81,804 2,500 3 . 0 6,500 2,900 -1,200 -1.4
Chouteau 6,400 6,200 6,473 (Z) - 0 . 8 300 300 -100 -2.0
Custer 12,300 11,800 12,174 200 1 .3 800 600 (Z) -0.4
Daniels 3,200 3,100 3.083 100 2. 7 . 200 200 100 2.6
Dawson 10,900 11,000 1»,267 -300 800 400 -800 -7-.1
Deer Lodge 15,100 15.600 15,652 -500 -3.S 1,000 700 -800 -6.2
Fallon 3,900 3,900 4,050 -206 -4.8 300 100 -300 -8.6
Fergus 12,900 12,600 12,611 300 2.7 700 600 300 2.0
Flathead 42,600 41,900 39,460 3.100 7.9 2,600 1,700 2,200 5.6
G allatin 36,000 36,000 32,505 3,50b 10.7 2,200 1,000 2,300 6.9
Garfield 1,600 1,700 1,796 -200 -8.9 100 100 -200 -10.9
Glacier 11,400 11,500 10,783 600 S.4 1,000 500 100 0.5
Go1 den Valley 900 900 931 (Z) 0.9 100 (z) (Z) -1.7
Granite 2,700 2,700 2,737 (Z) -1.4 200 100 -100 -4.2
H ill 17,700 17,700 17.358 400 2.1 1,300 600 -300 -2.0
Jefferson 6,900 6,400 5.238 1,700 32.4 400 200 1,500 29.4
Judith Basin 2,700 2,600 2,667 (Z) 0.1 100 100 (Z) -0.4
Lake 16,700 15,900 14,445 2,300 IS .6 1,100 700 1,900 13.3
Lewis and Clark 36,000 36,100 33,281 2,700 8.2 2,500 1,400 1,700 5.1
Liberty 2,300 2,400 2,359 (?) - l.S 100 100 -100 -2.4
Lincoln 17,000 17,700 18,063 -1,100 -S.9 1,500 500 -2,000 -11.0
HcCone 2,700 2,800 2,875 -100 -4.8 200 100 -200 -7.2
Madison 5,900 5,500 5.014 900 17.9 300 300 900 17.6
Meagher 2,100 2,100 2,122 (Z) -0.8 200 100 (Z) -2.1 ,
Mineral 3,600 3.400 2,958 600 21.8 300 100 500 16.7
Missoula 63,700 63,300 58,263 5,500 9.4 4.300 1.900 3,100 5.3
Musselshell 4,200 4,100 3,734 500 12.7 200 200 500 12.6
Parkb 11,900 11,900 11,261 600 5.4 700 600 500 4.7 ■
Petroleum 600 700 675 (z) -6.3 (Z) (?) | -100
P h illips 5,500 5.200 5,386 100 1.4 300 200 (?) -0.6Pondera 6,700 7.100 6,611 100 1.4 500 300 -100 -1.3Powder River 2,200 2.300 2,862 -700 -23.9 200 100 -800 -27.0
Powell 7,400 7,000 6,660 700 10.7 400 300 600 8.3
Prairie  1,900 1,900 1,752 100 8.0 100 100 100 6.1
Ravalli 17,900 17.200 14,409 3.400 ■ 23.9 900 800 3,300 23.1
Richland 9,900 9.800 9.837 100 0.9 700 400 -200 -2.6Roosevelt 10,500 10,300 10,365 100 1.4 1,000 600 -300 -2.6
Rosebud 7,700 6,900 6,032 1,600 27.3 700 300 1.300 21.0Sanders 7,800 7,600 7.093 800 10.6 500 400 600 8.7
Sheridan 5,300 5.600 5,779 -500 -8.0 300 300 -500 -8.2
43.300 41,981 1.300 3.0 3,100 2,500 700 1.7
4,900 4,632 600 12.4 300 200 500 11.8Sweet Grass 3,100 3.100 2,980 100 3.6 200 200 100 3.3Teton 6,400 6,500 6.116 300 4.4 400 300 200 3.4
Toole 5,400 5,700 5.839 -400 -8.9 400 200 -500 -9.1Treasure 1,200 1,100 1.069 200 14.3 100 (Z) 1 100 10.7
Valley 13,000 13.200 11.471 1,600 13.7 1,000 500 1,100 9.2
Wheatland 2,500 2.500 2,529 (Z) -0.6 200 200 (?) -0.8Wibaux 1,400 1,400 1.465 -100 -4.8 100 100 -100 -6.6Yellowstone 94,300 93,200 87,367 6,900 7.9 6,500 2.900 3.400 3.9
Notes: All the county estimates have been rounded to the nearest hundred without being adjusted to the state total which was
nearest thousand. The percentages, however, are based on the unrounded numbers. independently rounded to the
Z denotes less than 50 or less than 0.05 percent.
Births and deaths are based on reported v ita l s ta tis tics  from April I ,  1970 
the difference between net population change and natural increase (excess of 
b
The Montana portion of Yellowstone National Park Is included in Park County 
count shown Includes the Park residents.
to December 31, 1973, with extrapolations to June 30, 197**. Net migration 
births over deaths); a negative figure denotes net outmigration.
for estimating purposes; thus, for the sake of comparison, the 1970 census
is
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population estimates are made specific to the 
civilian population under the age of sixty-five. 
These estimates are combined with separate 
estimates of the population aged sixty-five and 
over which are based on Medicare statistics. 
Also, as with the component method discussed 
above, estimates of resident military population 
are made based on military station strength data.
The resulting estimates for each county are an 
average of the estimates obtained from each of the 
three methods, adjusted to agree with the July 1, 
1973, state total that is prepared independently by 
the Bureau of Census. These final 1973 estimates, 
of course, supersede the provisional 1973 
estimates published in 1974. Also, because of 
revisions in the input data for some counties since 
earlier reports, and because of the introduction of 
the third estimating procedure, the current 
estimates may not be strictly comparable with 
earlier estimates.
The provisional July 1, 1974, estimates for the 
counties were developed by adding the change 
between the 1973 and 1974 Component Method 11 
estimates to the 1973 estimates; these provisional 
estimates were then adjusted to the provisional 
1974 state estimate prepared by the Census 
Bureau.
A new series of net migration estimates for the 
counties was added with the 1974 report. These 
migration figures are based on estimates of 
population change and natural increase between 
1970 and 1974. Net inmigration is indicated when 
the population increase exceeds the natural 
increase, and net outmigration (shown as a 
negative figure) is indicated when the population 
has declined or the population increase is less than 
the natural increase.
It should be emphasized that the 1973 and 1974 
population figures and the net migration figures 
are estimates and should not be viewed with the 
same confidence as the decennial census counts. 
The population estimates are an average of three 
figures, as noted above, and are adjusted to an 
independently derived state estimate (which, in 
Montana's case, has historically tended to be 
somewhat high). The net migration estimates, in 
turn, are based on these county estimates and on 
estimates of total natural increase during the 
period from April 1,1970 to July 1,1974. Thus, they 
are not as accurate as actual census counts. They 
may, however, be compared with census figures.
Also, the 1973 estimates presented in this article 
represent revisions to the county estimates which 
were used as the basis for the distribution of 
revenue sharing funds and published in Current 
Population Reports, Series P-25, no. 571. (See that 
report for a description of methods, assumptions, 
and limitations of the estimates.) The 1973 
estimates presented here reflect more current 
data on population change than were available at 
the time that the Series P-25 report was prepared.
The state and county estimates shown in the 
accompanying table have been published in the 
Census Bureau report “ Estimates of the Population 
of Montana Counties and Metropolitan Areas. 
July 1, 1973 and 1974," Current Population 
Reports, Series P-26, no. 109. Copies of this report 
and subsequent reports may be obtained from the 
Bureau of Business and Economic Research, which 
maintains a mailing list for individuals and 
organizations who wish to receive the population 
estimates as they are published. Also, the first two 
reports in the series (published in 1973 and 1974) 
are still available, and we will be glad to provide 







How did  business fare?
JACK K. M O R TO N
Gordon Lemon Photo
M  ontana's 44th Legislative Assembly has just 
passed nearly a hundred bills which will directly 
affect Montana businesses. Now that the legislators 
have gone home, we hear the charge that the 
legislature was anti-business. Is the legislature 
guilty as charged or did it do a reasonable job of 
providing a balance between the interests of all 
citizens and the desires of the business community?
Although it is impossible to give an unqualified 
yes or no answer to either question, an analysis of 
the major pieces of legislation reveals that the 
legislature's attitude varied for different segments 
of the Montana business community. Three 
industries which are often subject to public 
criticism found the legislature also taking an 
interest in their activities. The coal and real estate 
development industries, two of the “ new giants" 
on the Montana economic scene, clearly were the 
subjects of greater state regulation, as were the 
traditionally powerful utility industries.
Jack K. M orton is Assistant Professor o f 
Management in the School o f 
Business Administration at the 
University o f Montana in Missoula
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High taxes for the coal industry
Those companies that strip mine for coal will face 
greatly increased taxes as the result of new 
legislation. The coal strip mine license tax, which 
had been assessed as a fixed rate per ton, has been 
replaced with a severance tax of at least 30 percent 
of the contract sales price of each ton of coal. The 
annual net proceeds property tax (taxable value is 
100 percent of net proceeds) was replaced with an 
annual gross proceeds tax (taxable value is 45 
percent of gross proceeds). The State Office of 
Budget and Program Planning estimates that the tax 
changes will increase coal strip mine taxes by over 
r 300 percent and will cost the industry at least an 
additional $18 million in 1976 and $26 million in 
1977. This legislation appears to have been enacted 
both to restrain Montana's coal boom and to 
I . maximize income from a new source of revenue. 
Although these taxes will somewhat diminish the 
attractiveness of Montana coal, they will also surely 
make future legislatures much more dependent 
upon a healthy coal industry as a source of revenue. 
The fact remains, however, that Montana's coal 
strip mine taxes are now among the very highest in 
I the nation.
The coal industry received several other 
setbacks. The Montana Utility Siting Act (now to be 
called the Major Facility Siting Act) was amended to 
cover any facility capable of using 500,000 or more 
tons of coal per year. Under this amendment, the 
proposed fertilizer plant in eastern Montana will 
have to meet the same requirements that have 
been placed on the energy-producing facilities. In 
addition, the legislature passed a bill which 
requires the consent of the surface land owner 
before any owner of the coal rights can strip mine 
for coal. Prior to the enactment of this law, the 
owner of the coal rights had the legal right to strip 
mine the land even though the owner of the 
surface land objected to any mining activity. This 
new law does not, however, apply to federal or 
Indian land, which is governed by federal law.
More regulation of 
real estate development
The real estate development industry was also the 
subject of increased regulation. Although local city 
or county governments must still review all new 
subdivisions, approval of those subdivisions may be 
much more difficult to obtain in the future. New
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legislation now requires that the local government 
must disapprove a proposed subdivision unless it is 
found to be in the public interest. The governing 
body must make a written report of its decision to 
approve or disapprove and must base its decision 
upon the need for the subdivision, expressed 
public opinion, and effects on agriculture, local 
services, taxation, the natural environment, and 
wildlife. These new rules will certainly force the 
local governments to scrutinize new subdivision 
proposals more carefully as well as encourage 
citizen groups to be more vocal in their support or 
opposition to subdivision expansion. Although this 
new law may restrain the proliferation of new 
subdivisions, it will probably have little impact 
upon the construction industry because of the 
large number of subdivisions which have already 
been approved but not built upon.
The real estate development industry is no doubt 
thankful that several other bills were not passed. 
Among the defeated bills were proposals to place a 
moratorium upon subdivision growth and to place 
a tax upon the capital gain realized from the 
speculative sale of undeveloped land.
Utilities win some, lose some
One of the “ old giants”  among Montana industries 
was also viewed rather unfavorably by the 44th 
Legislature. The energy utility industry was the 
subject of numerous bills, most of which were 
opposed to the industry's point of view.
One bill which received much publicity 
eliminated the old method of evaluating utility 
property at its fair replacement value. For purposes 
of setting utility rates, the Public Service 
Commission may now evaluate such property at its 
original cost. The immediate effect will be to 
increase the “ on paper”  return on the “ value”  of 
utilities' investment. The result may be that the 
Public Service Commission will be less receptive to 
approving utility rate increases in order to maintain 
past rates of return on investment. The legislature 
also prohibited the inclusion of advertising and 
donation expenses by public utilities for purposes 
of rate determinations. The new law does, 
however, allow the deduction of advertising 
expenses where the advertising is designed to 
promote the conservation of energy. Although the 
legislature certainly could have been more 
cooperative with the utilities, it must be pointed 
out that legislation was defeated that would have 
encouraged the Public Service Commission to 
approve higher rates for large commercial users, 
restricted energy construction to plants serving 
Montanans, and banned nuclear power facilities in 
Montana.
For coal interests, real estate developers, and the 
public utilities, the 44th Legislature certainly was 
not as friendly as desired, but the bills which were 
rejected also indicate that the legislature was not 
completely hostile to the interests of these large 
industries.
For other businesses: 
some gains, some losses
But what about the rest of Montana's businesses? 
Was the 44th Legislature a hostile body, unwilling 
to listen to their needs? Clearly not. Numerous bills 
passed that will be quite helpful to Montana 
businesses.
One of the most significant new laws will allow 
the maximum interest rate on loans to fluctuate
Montana Business Quarterly
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according to the discount rate on ninety-day 
commercial paper in effect in the Minneapolis 
Federal Reserve District. Lenders may now charge 
interest rates that do not exceed 10 percent or 4 
percent above the discount rate, whichever is 
higher, on loans up to $150,000. On loans of 
$150,000 to $300,000, lenders may charge rates 
which do not exceed 10 percent or 5 percent above 
the discount rate, whichever is higher. There is no 
maximum interest rate on loans in excess of 
$300,000. It is hoped that the effect of this new law 
will be to keep investment capital in Montana and 
to encourage out-of-state lenders to invest in 
Montana. Although the effect may also be to raise 
interest rates, it will help ensure that money will be 
available to Montana's businesses during times 
when interest rates are high.
The legislature also looked favorably upon the 
tax plight of businesses which carry inventories. 
Business inventories were reclassified for property 
tax purposes from class three to class seven. This 
will change the assessment from 33 1/3 percent of 
their value to only 7 percent of their value.
Numerous other laws will also benefit Montana 
businesses. Among them are provisions for tax 
incentives for new and expanding businesses and 
for the construction of industrial plants. Cities and 
counties are now authorized to levy taxes to raise 
funds to encourage economic development. 
Another bill granted a 5 percent discount for liquor 
purchased in case lots; this reduction is expected to 
provide a savings of nearly half a million dollars per 
year to Montana tavern operators.
The new state minimum wage law is one of the 
few laws which will result in increased costs for 
some of Montana's businesses. The minimum wage 
was raised to $1.80 per hour; it will again rise on 
July 1,1976, to $2.00 per hour. The minimum wage 
for farm employees was raised to $420 per month 
and will rise to $460 a month on July 1,1976. These 
new rates will have an impact only on the 
approximately 70,000 employees of Montana 
businesses that are not covered by the higher 
federal minimum wage laws.
Montana businesses can also expect higher costs 
because the unemployment benefits were 
increased from 50 percent to 55 percent of the 
average weekly wage. The benefits will again be
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raised on July 1,1976, to 60 percent of the average 
weekly wage. The legislature also established a 
“ floating" unemployment insurance tax rate. To 
help pay for these increases, the taxable wage base 
for unemployment insurance tax purposes was 
raised from $4,200 to $4,800, effective April 1,1975. 
The minimum tax rate was increased from V4 of 1 
percent to 1.1 percent for the remainder of 1975; 
the maximum stays at 3.1 percent. Rates will now 
undergo continuous but relatively minor 
fluctuations depending upon the state of the 
economy but will not be subject to the potentially 
large increases under the old law.
On balance, more concerned than hostile
But what about the charge that the legislature was 
anti-business? Although the legislature expressed 
its intent to keep the coal and real estate booms 
under control, it showed virtually no hostility to 
Montana business in general. Some bills were 
passed which will actually reduce costs for some 
businesses. There was no sweeping legislation 
enacted to tighten governmental control of all 
business interests. The legislature showed both 
insight and concern for the problems of Montana s 
businesses at the same time that it reaffirmed a 
desire to protect the interests of the citizens. From 
the point of view of both Montana s businesses and 




IN BUSINESS Part //: Linear Programming
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In  the Spring 1975 issue of the Quarterly, Part I of this 
series pointed out that modern management practices 
place a heavy emphasis on mathematical analysis of 
business problems. We suggested that managing a 
business is both art and science and that, if problems 
are properly identified and the appropriate technique 
is selected, the use of mathematical analysis often can 
provide answers to many management problems. We 
developed in some detail the application of decision 
theory to a hypothetical lumberyard situation. The 
reader may recall that the problem was concerned with 
uncertainty about the length of an upcoming strike in 
the lumber industry. That situation illustrated a 
problem involving the use of probabilities to represent 
uncertain future events—in mathematical jargon, a 
stochastic problem. Another general problem type is 
that characterized by certain rather than uncertain 
future events. These problems are known as 
deterministic problems, meaning the future state or 
event is known for certain.
In the same article we presented examples of 
problems which are deterministic in nature and 
suggested that the reader attempt to solve them. 
Example 1 and Example 2 from the previous article, 
although seemingly quite different, are both examples 
of a class of deterministic problems called linear 
programming; but, first, let us look at those example 
problems specifically.
E. Jeffery Livingston is 
Assistant Professor of 
Management in the School 
o f Business Administration 
at the University 
o f Montana, 
Missoula.
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Example 1— determining the best product mix
A typical management science problem is that of 
determining which of several products to make, given 
that the products require different amounts of several 
limited resources and return different per unit profits. 
A classic context is that of the manufacturing plant; 
the problem is outlined below. The firm has a certain 
number of hours available on four machines (columns 
1 and 2). The three products under consideration 
require different amounts of time on each machine 
(columns 3-5) and return different per unit profits 
(bottom row).
Example 1
Hours of Machine Time Required 











Drill press 200 5 2 1
Grinder 80 1 2 1
Lathe 400 4 3 5
Painter 225 3 3 2
Unit profit — $20 $8 S12
According to the table, there are 200 hours available 
on the drill press, and the production of one unit of 
Product A requires 5 hours of drill press time, the 
production of one unit of Product B, 2 hours, etc. Each 
unit of Product A brings $20 profit, each unit of 
Product B, $8, etc. (We must assume the products will 
be sold, of course.)
The question is: How many units of each product 
should be produced in order to maximize profit? Be 
careful not to exceed the available time on any of the 
machines.
In solving this problem, the reader should recognize 
the three essential parts of the problem. First, the 
objective of the decision is to maximize the profit. 
Second, we must decide how many units of each 
product should be made. Third, there are constraints 
on our decisions because our production time is 
limited. If it were not for these constraints, of course, 
we would decide to produce billions of each of the 
three products and thereby make a very large profit. 
Because of the constraints, the problem becomes a 
difficult decision.
Problems which can be solved by linear 
programming are characterized by the three 
components listed above: 1) an objective; 2) one or 
more decisions to be made; and 3) one or more 
constraints. Each of the necessary decisions is 
represented by a decision variable; for example, in the 
current problem we will let the variables X,, X2, and X3 
represent the number of units of Product 1, Product 2, 
and Product 3, respectively, to be produced. The 
objective of the problem will be represented in the form 
of a mathematical equation called the objective 
function, involving each of the decision variables. 
Each resource constraint also will be described by a 
mathematical relationship, or function, involving the 
decision variables.
As we will see, each of these mathematical 
relationships is a straightforward statement of the 
effects of the decision variables (number of units of 
each product produced) on the objective (profit) 
and/or their effect on usage of each production 
resource (e.g., drill press time). Taken as a whole, these 
relationships express the interdependencies of the 
production decisions. A production level for one 
product cannot be made without considering the other 
products. In fact, we shall note later that the decisions 
must be made simultaneously; we cannot sequentially 
set the production level of Product 1, then that of 
Product 2, then of 3.
For the production problem at hand, we have 
decided to represent the decision as follows: X| is the 
number of units of Product 1 to be produced, X2 is the 
number of units of Product 2 to be produced, and X3 is 
the number of units of Product 3 to be produced. Thus, 
our problem is to decide what should be the values of 
X,, X2, X3, and we wish to set their values in such a way 
that total profit from production and sale of the three 
products is maximized without using more machine 
time than is available. If we let the variable P represent 
the total profit, then equation (1) below shows the 
relationship between profit and the decision variables.
P = 20X, +  8X2 +  12X3 (1)
In this equation, Xi is the amount of Product 1 that 
should be produced and $20 is the profit per unit of 
Product 1. Therefore, 20X, (20 times X,) is the total 
profit from output of Product 1. The same holds true 
for the other terms in the equation. Thus, the entire 
equation is total profit from all production.
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While attempting to maximize profits we must 
remember that each of the products requires a certain 
amount of time for each production phase, and the 
total usage of time for the production of all of the 
products must, of course, not exceed the available time 
for that production phase. For example, since each 
unit of Product 1 requires 5 hours of drill press time, 
the total requirement for drill press time of Product 1 is 
5X,, i.e., 5 hours per unit of Product 1 times the 
number of units of Product 1 that are produced. For all 
products, the total requirement for drill press time will 
be 5X, +  2X2 +  1X3 hours. Thus, recalling that the 
symbols means “less than or equal to,” we know that
5X, +  2X2 +  IX3 _< 200 hours (2)
Our decisions as to production levels for the three 
products are subject to the above constraint. In other 
words, the values of X1# X2, and X3 must be chosen so 
that the total requirement for drill press time is less 
than or equal to the 200 hours of available drill press 
time. One can begin to see the interdependencies of the 
problem. In an effort to choose the production levels of 
products 1,2, and 3 (i.e., X,, X2, and X3) so that profit 
is maximized, more drill time might be scheduled than 
is available. Thus some desired profit must be 
sacrificed so that the drill time constraint is not 
violated.
We can formulate the constraints for the other 
resources in a similar manner while explicitly taking 
note of an implied constraint upon our decisions, 
namely, that none of the decision variables can have 
negative values. It may be obvious that it would be 
impossible to produce a negative amount of any 
product, but the mathematics nonetheless requires us 
to explicitly state that constraint; therefore, X,, X2, 
and X3 must be _> (greater than or equal to) 0.
Thus, the complete linear programming model may 
be stated as follows:
Let X t =  number o f  units o f  Product 1 to  be produced,
X, =  number o f  units o f  Product 2 to  be produced,.
X3 =  number o f  units o f  Product 3 to  be produced,
P  =  total profit.
M aximize P =  20X , +  8 X2 +  12Xj Profit objective (3)
subject to:
5X | +  2X 2 +  1X3 _< 200 hours Drill press constraint (4)
IX, +  2X 2 +  1X3_< 80 hours Grinder constraint (5)
4X , +  3X 2 +  5 X 3 _s 400 hours Lathe constraint (6 )
3X, +  3X 2 +  2 X3 _< 225 hours Painter constraint (7)
and X, ^ 0 ,  X2 ^ 0 ,  X3_i 0.
The reader should verify the constraints for grinder, 
lathe, and painter, referring back to page 1 for machine
time required and available hours, and should review 
the model until reasonably confident that the model 
does indeed represent the problem situation.
As the model now appears, it is possible to choose 
values for X,, X2, and X3 by trial and error which will 
satisfy the constraints and still make a profit. For 
instance, if we were to produce 10 units of each of the 
three products we would use only 80, 40, 120, and 80 
hours of drill press, grinder, lathe, and painter time. At 
the same time we would be making $400 profit. (The 
reader should verify these numbers by substituting 10 
units for X,, X2, and X3 in the above model.) However, 
we have no guarantee that this production mix will 
maximize profit, and trial and error is a very inefficient 
method for finding the best production mix.
A mathematical procedure does exist which can 
efficiently give us the optimal production mix. It 
requires that certain changes be made in the model as 
we have presented it to this point. Note that the 
objective equation is an equality (P = 20X, +  8X2 + 
12X3) while the constraints are inequalities (5X, +2X 2 
+  1 X3_< 200 hours, etc.). By changing these inequalities 
to equalities, it is possible to mathematically solve the 
entire system of equations for the values of X,, X2, and
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X3 which will maximize profit. We change the 
inequalities to equalities by introducing a new variable 
called a slack variable to each of the inequalities.
For instance, we can add a slack variable, S|, to the 
first inequality and thereby make it an equality, as 
follows:
5X, + 2 X 2 +  1X3 +  S, =200
Remember that the original constraint specified that 
the expression on the left of the could be less than (as 
well as equal to) the value of the right-hand side. S, 
allows us to change the inequality to an equality, 
because the value of S| can be whatever the difference 
is between the expression on the left-hand side of the_< 
and the constant on the right-hand side. Suppose that 
X|, X2, and X3 were equal to 22,30, and 3, respectively. 
Then of the 200 hours available only 173 (5X( +  2X2 +  
1X3 = 173) would be the variable used. Therefore, S| 
would be 27, or 200-173. In other words, the variable 
would take up the slack between the original left and 
right sides of the inequality. Appropriately, that slack 
actually would be the amount of unused, or slack, 
resource.
If each of the constraints is rewritten as an equation 
by adding a slack variable (a different one for each 
constraint), and if we rearrange the objective equation, 
we can then express the linear programming model as a 
set of equations, as shown below:
P - 20X, - 8X , - I2X , =  0 ( 8)
5X, + 2X , + IX , + >| =  200 ( 9)
IX, + 2X , + IX, +  S 2 =  80 (10)
4X , + 3X 2 + 5X , =  400 (I I )
3X, + 3X2 + 2X , +  S4 =  225 (12)
Any set of values of X,, X2, and X3 which satisfies 
the above equations simultaneously is a feasible 
solution to the problem—feasible because the solution 
does not violate the constraints. However, only one 
feasible solution is optimal; that is, only one set of 
values for X,, X2, and X3 produces the maximum 
profit while still being feasible.
The procedure which will direct us unerringly to the 
optional solution is called the simplex procedure. 
Although it is not a very complicated procedure, it is 
nevertheless beyond the scope of this article. Several 
references are provided for those who would like to 
pursue that topic. For our purposes, we can be satisfied 
with noting that the procedure exists, and, more 
importantly, that many prepared computer programs 
are available for solving linear programs. Such
programs are available from most computer 
manufacturers and universities.
Using a computer program to solve the above linear 
programming model, we find that the optimal solution 
is:
P =  1200, X , =  30, X 2 =  0, X , =  50, S , =  0, S , =  0, S , =  30, S4 =  35.
The reader may wish to verify that the solution is 
feasible by “plugging in” the values of each of the 
variables in the above set of equations to see if the 
constraints are all satisfied.
What does the solution mean?
It shows us that if the manufacturer decides to produce 
(and sell, of course) 30 units of Product 1 (since X, = 
30) and 50 units of Product 3, but to refrain from 
producing any of Product 2, he will make a profit of 
$1,200. Any other product mix will result in a lower 
total profit, as the reader is invited to discover by 
trying some different product mixes. (Don’t forget to 
check the feasibility of your proposed product mix!)
Up to this point our focus has been on determining 
the optimal production levels for each of the products. 
We are also very interested in the concomitant values 
of the slack variables because they tell us which of our 
production resources are really constraining our 
production because the resources are in short supply, 
or they tell us which are in excess supply. Our results 
tell us that the manufacturer will have 30 hours of 
excess time on the lathe (S4 =  30) and 35 hours of slack 
painter time (S4 = 35). On the other hand, the 
production of the recommended product mix uses all 
of the available time on the drill press (S| =  0).
Of course, knowing that lathe and painter time are in 
excess supply, we would not be willing to pay anything 
to obtain more of those resources, since we could not 
make any additional profit from the additional time. 
An economist would say that the marginal 
contribution to profit of lathe and painter time is $0. 
However, the marginal profit contributions of 
additional drill press time and grinder time are greater 
than zero since these resources are in short supply. 
Additional drill press and grinder time would allow 
more production, which would increase total profit.
What is the worth of an additional hour of drill press 
time? One way to determine this worth would be to 
change the original drill press time constraint from 200 
hours to 201 hours. Solving the original problem with 
this new input and comparing the total profit of the
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original problem ($1,200) with the new total profit 
would provide a measure of the worth of additional 
hour of drill press time. The new profit would be 
$ 1,202, which means that the value of the extra hour of 
drill press time is $2. Another way to look at it is that 
we would be willing to pay up to but not more than $2 
for the additional hour of drill press time. Similarly, we 
would find that the value of an additional hour of 
grinder time is $10.
This method of determining the worth of extra units 
of scarce resources works, but it is not too efficient. 
Because of the time needed to reprogram the computer 
and rerun the problem for each resource, a more 
desirable way of determining marginal profit is 
needed. Fortunately, the simplex procedure used to 
solve the original problem also gives us the marginal 
profit values of each of the constraining resources 
without rerunning the problem time and time again.
Trying to ascertain the effects of changes in the 
parameters of the problem in the manner described 
above is called sensitivity analysis. Many computer 
programs generate a great deal of information that 
allows the analyst to answer many sensitivity analysis 
questions without actually reworking the problem 
with the new parameters.
Example 2—scheduling staff to meet requirements 
Mr. E. T. Rite owns a large restaurant which is open 
twenty-four hours a day. His minimum staff 
requirements are as follows:
Work Period Time of Day Minimum Staff
1 8 am - 12 pm 17
2 12 am - 4 pm 15
3 4 pm - 8 pm 20
4 8 pm - 12 am 10
5 12 am - 4 am 5
6 4 am - 8 am 13
If Mr. Rite wants to minimize the total number of 
employees, how many employees should start work at 
the beginning of each four-hour period? Assume a 
standard eight-hour day for each employee.
Both the decision and the objective are clearly stated 
in the problem above. There are essentially six 
decisions to be made concerning the number of 
employees to have. We will let the decision variable X, 
be the number of employees to start work at the 
beginning of period 1, X2 be the number of employees 
to start work at the beginning of period 2, etc. Then our 
objective is to minimize the total of the X’s; that is, we 
wish to minimize T = X, +  X2 +  X3 +  X4 +  X5 +  X*.
Now, we also know that there must be some 
constraints on our decisions. If there were no 
constraints, the obvious way to minimize the total 
number of employees is to have no employees. Of 
course, the table above tells us that we have some 
minimum staffing requirements, so our constraints 
will express those minimum requirements. We, 
therefore, can anticipate that we will have one 
constraint for each period of the day.
Let us first look at the second period, in which we are 
required to have at least 15 employees working. 
Obviously, those employees who start work at the 
beginning of period 2 will be working during that 
period, but a moment’s thought will reveal that the 
employees who started work at the beginning of period 
1 will also be on duty during period 2. (Each period is 
four hours long and we have assumed eight-hour 
days.) Thus we can say that
X, §  ig j l  15 (13)
Remember that the >. symbol denotes “greater than 
or equal to.” This inequality requires that the number 
of employees starting in period 1 (X,) plus the number 
of employees beginning period 2 (X2) must be greater 
than or equal to the minimum number of employees 
required in period 2 (15). We can derive the other
Montana Business Quarterly
Quantitative Methods in Business, Part II: Linear Programming 39
constraints in the same way, noting particularly that 
the employees who start work in period 6 (4 am to 8 
am) carry over into period 1 (8 am to 12 pm). Thus, the 
linear programming model is:
Let X | =  number o f  employees com m encing work at beginning o f  period 1, 
X 2 =  number o f  employees com m encing work at beginning o f  period 2, 
X 3 =  number o f  employees com m encing work at beginning o f  period 3, 
X4  =  number o f  employees com m encing work at beginning o f  period 4, 
X s =  number o f  employees com m encing work at beginning o f  period 5, 
Xfc =  number o f  employees com m encing work at beginning o f  period 6 , 
T  =  total number o f  employees.
Minimize T  =  X, +  X2 +  X , +  X4 +  X , +  X* 
subject to:
X | +  X$ 2. 17 Period I staff constraints
X | +  X 2 2.1 5  Period 2 staff constraints
X2 +  Xj 2. 2 0  Period 3 staff constraints
X 3 X4 2 .1 0  Period 4 staff constraints
X4 +  X5 2 . 5 Period 5 staff constraints
X5 +  X6  2 .1 3  Period 6  staff constraints 
and X, 2.0 , X 2 2.0 , X 3 2 .0 , X4  2 .0 , X» 2 .0 , X6 2 .0 . Non-negative staff constraint.
Solving the above linear program by introducing 
slack variables and applying the simplex procedure, we 
find that the optimal value of the objective function is 
42; that is, under the optimal schedule Mr. Rite will 
need 42 employees in total. An optimal schedule would
have no employees starting work at the beginning of 
period 1, fifteen at period 2, five at period 3, five at 
period 4, none at period 5, and 17 at period 6. In terms 
of the decision variables, the solution is:
T =42, X, =0, X2 = 15, X3 =5, X4 =5, X5 =0, X6 = 17
Note that Mr. Rite is advised to start 17 employees at 
the beginning of period 6 even though he requires only 
13 during that period. There will be four surplus 
employees during period 6, but then all 17 employees 
will still be available at the beginning of period 1. 
However, all of these 17 will be off work at the end of 
period 1, because their eight-hour shift will be finished. 
Therefore, period 2’s requirement must be met entirely 
by employees commencing work at the beginning of 
period 2. At the beginning of period 3 we must add 5 
more to bring the total to 20. At the end of period 3, the 
15 who started at the beginning of period 2 will be off, 
so we must add 5 to the 5 who carry over from period 3, 
to fill the requirement of period 4 for 10 employees. 
And so it goes.
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Other areas o f linear programming 
Space has not permitted a very complete treatment of 
linear programming; indeed, entire books are devoted 
to the subject. However, the general development 
presented in this article is sufficient to understand the 
concept and application of linear programming. We 
have shown two examples to convey an idea of how 
linear programming problems are formulated as a 
mathematical objective function and a set of 
constraints in the form of inequalities. Once a problem 
is formulated in the proper way it can be solved either 
by hand computations or by the use of a computer.
In fact, a wide variety of problem situations can be 
treated by linear programming techniques. The first 
example in this article represents the broad class of 
product-mix problems, where the problem is to decide 
what products should be produced with limited 
production resources, such as labor, machine time, 
and raw material supply. The objective in such cases is 
to maximize profits.
A second general class of problems amenable to 
modeling by linear programming is the production 
planning type. The focus here is on achieving a 
minimum cost schedule or production plan over a 
planning horizon of n periods, given initial inventory, 
available production capacity, and other constraints. 
The second example in this article is this type of 
problem.
A third common type of problem is represented by 
the diet problem, where the objective is to minimize the 
cost of providing meals which meet nutritional 
requirements. We know how much of each of several 
nutrients is contained in each of several foods, and the 
problem is to select the proper combination of the 
foods which will meet the nutritional requirements 
while minimizing the cost of the diet.
A fourth general class of linear programming 
problems is the blending problem. For example, we 
might wish to blend four petroleum constituents into 
three grades of gasoline, where each grade of gasoline 
returns a certain profit and each constituent has a
certain cost and a limited availability. Typically, the 
grades of gasoline will be identified as containing a 
certain percentage range of constituents, e.g., Grade A 
is to have not more than 30 percent of constituent 1, 
not less than 40 percent of constituent 2, and not more 
than 50 percent of constituent 3, and none of 
constituent 4. Similar specifications would be given for 
the other grades of gasoline.
The petroleum and wood products industries have 
long been conspicuous and enthusiastic users of linear 
programming. It is not unusual in those industries to 
find linear programs that have a few hundred decision 
variables and several hundred constraints, which 
makes computer solution absolutely mandatory.
In summary, linear programming is a versatile 
approach to representing (modeling) a wide variety of 
decision problems where there is an objective that can 
be represented by a mathematical function of the 
decision variables and a set of constraints that also can 
be expressed as mathematical relationships. The 
technique of linear programming can be applied to 
problems almost regardless of size. It is useful for the 
problems of small businesses as well as large, and can 
be used by retail, wholesale, manufacturing, 
agricultural or natural resource-based firms. □
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